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ALLOYS FOR IONIZER APPLICATIONS 

M. E. K i r k p a t r i c k  and R. A. Mendelson 

ABS 

The development o f  porous mater 

RACT 

a l s  f rom a cas t  two-phase a l l o y  of 

tungsten-rhenium has been invest igated i n  d e t a i l  w i t h  regard t o  i t s  s u i t a b i l i t y  

and a p p l i c a b i l i t y  t o  porous i on i ze r  mater ia ls .  The labora tory  program involved 

a study o f  t h e  m ic ros t ruc tu re  as a func t i on  o f  a l l o y  composit ion over t h e  range 

from 25 t o  45 w/o Re. I t  was demonstrated t h a t  a l l o y s  i n  t h e  range o f  36 t o  38 

w/o Re had optimum p ropor t i on  and con f igu ra t i on  o f  t h e  tungsten s o l i d  s o l u t i o n  

and t h e  sigma phase a l l o y  components. An extens ive i n v e s t i g a t i o n  i n t o  phase 

removal techniques for  removing the  sigma phase component a re  repor ted and 

i n d i c a t e  an e l e c t r o l y t i c  e tch ing  technique t o  be optimum i n  terms o f  reproduc- 

i b i l i t y  and e f f i c i e n c y .  Cesium i o n i z a t i o n  t e s t s  were performed using a but ton-  

shaped e m i t t e r  having a diameter o f  approximately 1/8 inch and a d iscuss ion o f  

t h e  i on i ze r  t e s t  r e s u l t s  i s  disc.ussed. 
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1 .  I NTRODUCT I ON 

The development of porous ma te r ia l s  for  use i n  contac t  ion engine 

systems has been based upon powder meta l lu rgy  techniques dur ing t h e  pas t  

several years. These developments have led t o  porous ma te r ia l s  prepared 

from spher ica l  powders which r e s u l t  i n  s in te red  s t ruc tu res  having sur face 

pore d e n s i t i e s  which range up t o  8 x IO 
diameters which a re  i n  t h e  range between two and t h r e e  microns. 

prepared from such ma te r ia l s  have demonstrated good performance, bu t  t he re  

s t i l l  appears t o  be a need f o r  porous s t ruc tu res  o f  g rea ter  p o r o s i t y  and 

s u r f  ace pore dens i t y  . 

6 pores per  cm2 and average pore 

Ion i ze rs  

Based upon t h i s  need, t h i s  laboratory  undertook a study t o  

i nves t i ga te  and evaluate techniques o t h e r  than powder meta l lu rgy  f o r  

t h e  preparat ion and product ion o f  porous metal s t ruc tu res .  The r e s u l t s  

o f  t h i s  study ind ica ted  t h a t  a unique method based on t h e  removal of a 

second phase a l l o y  component from a two-phase metal s t r u c t u r e  may have 

c e r t a i n  advantages fo r  ion  engine app l i ca t i ons .  A survey o f  b inary  a l l o y  

systems s u i t a b l e  f o r  t h i s  technique was c a r r i e d  o u t  and resu l ted  i n  t h e  

s e l e c t i o n  o f  t h e  tungsten-rhenium system. F igure I shows t h e  e q u i l i b r i u m  

phase diagram f o r  t h e  tungsten-rhenium system ( reference I ) .  As w i l l  be 

noted from t h e  diagram, t h e  tungsten-r ich a l l o y s  a re  composed o f  a s i n g l e  

s o l i d  s o l u t i o n  phase denoted as W . The tungsten-r ich in termediate phase, 

which i s  denoted sigma, occurs a t  approximately 50 per cent  rhenium and has 

wide s o l u b i l i t y  l i m i t s .  I t  i s  t h e  two-phase reg ion between the f i ingsten 

s o l i d  s o l u t i o n  f i e l d  and the  sigma f i e l d  which i s  o f  i n t e r e s t  t o  t h e  c u r r e n t  

ss 

program. 

thus  composed of two d i s t i n c t  m e t a l l i c  phases. 

enough d i f f e r e n t  chemical ly  t o  a l l ow  t h e  chemical removal of one phase i n  

t h e  presence o f  t h e  other. From t h e  diagram, i t  can be seen t h a t  an a l l o y  

prepared i n  t h i s  composition range w i l l ,  upon cool ing,  f i r s t  form dendr i tes  

of ?Fie tungste:! SCI! i d  so lu t i on  composition. 

A l l  a l l o y s  which have compositions between 30 and 40 w/o Re a r e  

Each phase i s  presumably 

Upon subsequent coo l i ng  through 
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t h e  so l i dus  temperature, t h e  remaining l i q u i d  w i l l  s o l i d i f y  forming sigma 

phase. 

The ob jec t i ves  of t h e  cur ren t  program invo lve  d e t a i l e d  i nves t i ga t i ons  

of two-phase tungsten-rhenium a l l o y s  i n  an e f f o r t  t o  demonstrate concept 

f e a s i b i l i t y .  
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1 1 .  LABORATORY INVESTIGATIONS 

A. Mic ros t ruc tu re  Studies 

ga t i on  invo lved t h e  s 

oys ranging i n  compos 

The pre I i m i  nary I aboratory i nves 

arc-cast  mic ros t ruc tures  of tungsten-rhenium a 

udy o f  

t i o n  

from 25 N/o Re t o  45 w/o Re. 

range were prepared by arc-cast ing i n  an iner t -gas a r c  furnace. Each a l l o y  

charge had a t o t a l  weight of approximately 15 grams and resu l ted  i n  an arc-  

cas t  but ton s u i t a b l e  for  meta l lographic  inves t iga t ions .  Table I l i s t s  each 

o f  t h e  a l l o y s  prepared along w i t h  observed hardness and dens i ty  data. 

Figures 2 through 7 a t e  photomicrographs o f  se lected a l l o y  compositions and 

reveal t h e  t y p i c a l  m ic ros t ruc tures  observed f o r  a l l o y s  i n  t h i s  composition 

range. 

optimum composition range f o r  the a l l o y  s tud ies  t o  be c a r r i e d  ou t  dur ing  t h e  

remainder o f  t h e  program. Th is  composition range was found t o  l i e  between 

37 and 38 w/o Re, w i t h  t h e  m a j o r i t y  o f  t h e  subsequent a l l o y s  prepared a t  

37.5 w/o Re. Figures 8 and 9 represent t y p i c a l  m ic ros t ruc tures  observed a t  

t h e  optimum composition and reveal mic ros t ruc tures  p o t e n t i a l l y  s u i t a b l e  f o r  

i o n i z e r  app l i ca t ions .  

A ser ies  o f  16 a l l o y s  cover ing t h i s  composit ion 

The o b j e c t i v e  o f  t h i s  p re l im inary  a l l o y  survey was t o  determine t h e  

The arc-cast ing process f o r  t h e  prepara t ion  o f  a l l o y s  r e s u l t s  

i n  a nonuniform s t ruc tu re .  Figure I O  represents a cross sec t ion  o f  a 37.5 

w/o Re a l l o y  and shows t h e  v a r i a t i o n  i n  m ic ros t ruc tu re  o f  t h e  cas t  ingot .  

Th i s  v a r i a t i o n  r e s u l t s  from the  cas t i ng  process which produces a heat t r e a t i n g  

e f f e c t  on +ne unmelted pzrtior! of t h e  a l l o y  but ton near t h e  bottom o f  t h e  

cas t ing .  The upper two- th i rds  of t h e  cas t  a l l o y  ingots  have a more uni form 

d e n d r i t i c  s t r u c t u r e  which i s  the  a l l o y  s t r u c t u r e  of i n t e r e s t  t o  t h e  c u r r e n t  

labora tory  i nves t i ga t i ons .  

The present inves t iga t ions  f u r t h e r  invo lve  t h e  r e l a t i o n s h i p  

between a l l o y  coo l i ng  r a t e  and a l l o y  mic ros t ruc ture .  These inves t i ga t i ons  

were again c a r r i e d  o u t  w i t h i n  t h e  inert-gas a r c  furnace and were performed, 

i n  general, on extremely smaii aiiuy c k ~ r g z s .  4.s wcu ld  be expected, these 
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TABLE I 

Tungsten-Rhenium A l l o y  Survey 

A l l o y  Composition AI toy Hardness A l l o y  Densi ty  
w/o Re Rockwel I C g ms / cm3 

25 

27 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

41 

43 

45 

42 

44 

45 

46 

48 

50 

51 

53 

57 

59 

57 

59 

58 

19.52 

19.57 

19.61 

19.60 

19.58 

19.62 

19.64 

19.65 

19.64 

19.67 

19.65 

19.63 

I9.42* 

I9.37* 

I9.36* 

19.53* 

* P o r o s i t y  noted f r o m  meta l lographic  
examination. 
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F igu re  2. Photomicrograph of a 29 w/o Re-Tungsten A I  l o y  
As Cast. X50 

r: r l yU l  _ . ._^  3 .  Photomicrograph of a 31 w/o Re-Tungsten A I  loy 
As Cas t .  X50 
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F i g u r e  4. Photomicrograph of a 34 w/o Re-Tungsten Alloy 
As Cast. X50 

F i g u r e  5. Photomicrograph of  a 36 w/o Re-Tungsierl 81 1 ~ ~ 9  
As-Cast. X50 
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F i g u r e  6 .  Photomicrograph of a 38 w/o Re-Tungsten A I  l o y  
As Cast. X5G 

Yiqi~re 7. Photornicroqraph o f  a 4 i  w/o Re-Turqs ten  A I  l o y  
As L a s t .  X5C 
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Figure 8. Photomicrograph of the As-Cast Tungsten Sol id 
Solution Gendrites i n  a 36 w/o Re-Tungsten Alloy. 
x200 

Figure 9. Pi- iofezicrnnraph - 3  o f  t h e  As-Cast Tgngster i  S o l i d  
Solution Dendrites in a 37 w/o i ? e - T u ~ - ~ ~ s t c c  P ! ! n y .  
X',(:li? 
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s tud ies  show a d i r e c t  c o r r e l a t i o n  between coo l i ng  r a t e  and dendr i te  s i z e  

w i t h i n  t h e  cas t  s t ruc tu re .  Figure I1 shows a t y p i c a l  m ic ros t ruc tu re  o f  a 

r a p i d l y  cooled 37.5 w/o Re a l l o y  and reveals  an extremely f i n e  d e n d r i t i c  

s t r u c t u r e  which r e s u l t s  i n  average pore s i zes  less than two 

p re l im ina ry  e f f o r t  t o  determine t h e  sur face pore dens i t y  on 

has resu l ted  i n  e f f e c t i v e  surface pore dens i t i es  exceeding 
2 per cm . 

The mic ros t ruc ture  s tud ies  have revealed t h a t  

two-phase s t r u c t u r e  i s  obtained from a l l o y s  i n  t h e  composit 

microns. A 

such a s t r u c t u r e  
6 0 x 10 pores 

t h e  optimum 

on reg ion between 

37 and 38 w/o Re and t h a t  such a l loys,  through r a p i d  coo l i ng  procedures, can 

r e s u l t  i n  p o r o s i t y  c h a r a c t e r i s t i c s  which exceed any r e a l i z e d  t o  date through 

powder meta l lu rgy  techniques. Therefore, it would appear t h a t  two-phase 

tungsten-rhenium a l l o y s  can produce mic ros t ruc tures  which p o t e n t i a l l y  exceed 

powder meta l lu rgy  p o r o s i t y  parameters be l ieved t o  be o f  importance for  i o n i z e r  

app l i ca t ions .  

B. Phase Remova I S t u d  i es 

The phase removal i nves t i ga t i ons  which have been c a r r i e d  o u t  

dur ing  t h i s  program have en ta i l ed  var ious chemical reac t ions  processes f o r  

t h e  removal of sigma phase a l l o y  i n  t h e  presence o f  tungsten s o l i d  so lu t i on .  

Pre l im inary  i nves t i ga t i ons  using separate a l l o y s  o f  t h e  sigma phase and 

s o l i d  s o l u t i o n  phase compositions revealed t h a t  concentrated n i t r i c  ac id  

was e f f e c t i v e  i n  d i sso l v ing  sigma phase a l l o y s  and, f u r the r ,  t h a t  t h e  

reac t i on  r a t e  on tungsten s o l i d  s o l u t i o n  a l l o y s  was n e g l i g i b l y  small. 

Therefore, a se r ies  of inves t iga t ions  were undertaken invo lv ing  a l l o y s  i n  

t h e  composition range between 37 and 38 w/o Re i n  an e f f o r t  t o  produce 

porous a1 loy  s t ruc tu res .  

t r a t e d  n i t r i c  a c i d  a t  room temperature. 

observat ion o f  an inso lub le  react ion product a t  t h e  sigma phase-acid 

in te r face .  

ezplsyec! +e determine t h e  comoosition o f  t h i s  reac t i on  product which was 

These s tud ies  were a l  I c a r r i e d  ou t  us ing  concen- 

These e f f o r t s  resu l ted  i n  t h e  

Both X-ray d i f f r a c t i o n  and spectrographic techniques were 
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F i g u r e  I I 

M i c r o s t r u c t u r e  of a R a p i d l y  Cooled W-37.5 w/o Re A l l o y .  

x IO00 
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a 
found t o  be a form of t u n g s t i c  ac id  and, there fore ,  so lub le  i n  a bas ic  

so lu t ion .  

t o  employ ammonium hydroxide as an in termediate step between each ac id  

reac t i on  process. 

producing porous a l l o y  s t ruc tu res .  

were prepared from arc-cast buttons and used i n  these inves t iga t ions .  

Meta l lographic  sect ions o f  these a l l o y  s labs revealed e f f e c t i v e  removal o f  

sigma phase component t o  t h e  depth o f  approximately 0.005 inches. Fur ther  

attempts t o  e f f e c t  phase removal t o  g rea ter  depths from the  e x t e r i o r  a l l o y  

sur face were no t  successful. 

d i f f e r e n c e  i n  t h e  reac t i on  ra tes  between sigma phase and tungsten s o l i d  

s o l u t i o n  w i th  n i t r i c  ac id  (approximately 1000:1), upon e f f e c t i n g  phase removal 

t o  some p a r t i a l  depth, t h e  r a t i o  o f  a v a i l a b l e  sur face area o f  t h e  s o l i d  

s o l u t i o n  phase becomes excessively large i n  comparison t o  t h e  a v a i l a b l e  

sur face area of t h e  sigma phase a l l o y .  Th is  f a c t o r  thus r e s u l t s  i n  t h e  

continuous removal o f  t h e  s o l i d  s o l u t i o n  phase a f t e r  t h e  removal process has 

reached t h e  c r i t i c a l  depth. 

Based upon these resu l ts ,  t h e  phase removal process was modi f ied 

Th is  method was found t o  be o n l y  p a r t i a l l y  e f f e c t i v e  i n  

A se r ies  o f  0.020 inch t h i c k  a l l o y  s labs  

I t  appears tha t ,  although the re  i s  a s i g n i f i c a n t  

Based on these observations, a new se r ies  o f  laboratory  

i nves t i ga t i ons  were undertaken t o  study o the r  poss ib le  phase removal processes 

i n  an attempt t o  enhance t h e  reac t ion  r a t e  d i f f e r e n t i a l  between t h e  two 

a l l o y  phases. A se r ies  o f  s tud ies  i nvo l v ing  t h e  reac t i on  r a t e s  i n  n i t r i c  

a c i d  a t  e levated temperatures was c a r r i e d  out. 

s tud ies  t h a t  some improvement i n  reac t i on  r a t e  was observed, bu t  t h i s  

improvement appeared t o  be on ly  s l i g h t  and d i d  not  r e s u i t  lii a significant 
improvement of porous a l l o y  s t ructures.  Fur ther  examination o f  t h e  use of 

chemical e tch ing  procedures ind icated t h a t  t h e  primary c o n t r o l l i n g  process 

was t h e  formation o f  t h e  i n h i b i t i n g  ox ide  layer  which e f f e c t i v e l y  reduced 

t h e  leverage f a c t o r  prev ious ly  observed t o  approximately a 1 : 1  r a t i o .  

Inasmuch as t h e  tungsten oxide layer  tended toward a suboxide (WOz) format ion 

as shown by the  c o l o r  f i l m  formation ( re fe rence 21, it was concluded t h a t  

ieci-ii-iiqiies leadins t o w a r d  a more s t ra igh t fo rward  o x i d a t i v e  mechanism would 

I t  was found from these 
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prove e f f e c t i v e .  

both v a r i a t i o n s  i n  

Th is  study showed 

rap id  phase remova 

n t h i s  respect, an apparatus was const ructed which al lowed 

temperature and "ac id  s t rength"  t o  be cursor  i I y examined. 

ha t  bubbling oxygen through t h e  ac id  etcher  gave more 

rates, w i t h  g rea ter  penetrat ion,  bu t  t h a t  u l t i m a t e l y  

t h e  same l i m i t i n g  removal ra tes  became dominant. Inasmuch as t h i s  corresponds 

t o  t h e  viscous layer  concept ( re ference 3 )  found i n  var ious chemical e t ch ing  

and p o l i s h i n g  processes, it was concluded that,although t h e  bas ic  concept was 

proved, a reasonably rap id  procedure based on a s t r i c t l y  chemical procedure 

would e n t a i l  more ex tens ive  s tud ies on etchant  v e l o c i t i e s  and geometries 

which were ou ts ide  t h i s  p a r t i c u l a r  inves t iga t ion .  

a 

W 

e 

y e lec  

t h  max 

ec t roe  

Another study invo lv ing  electrochemical phase removal 

(e lec t roe tch ing )  processes was i n i t i a t e d .  Examination of t h e  ox ida t ion-  

reduc t ion  couples o f  both tungsten and rhenium show t h a t  they are  reasonably 

complex i n  ac id  so lu t ions .  I n  basic so lu t ions ,  however, tungsten has o n l y  

one valence t rans format ion  (+6) and rhenium t ransformat ions a re  l i m i t e d  t o  

th ree  (Reo + Re +4, Re+4 + Re+7, and Reo + Re+7). Since t h e  e f f i c i e n c y  of 

rochemical process i s  d i r e c t l y  dependent on t h e  valence change, 

mum e f f i c i e n c y  occurr ing i f  the re  can be a s i n g l e  valence step, 

ch ing i n  a basic s o l u t i o n  was indicated. 

Examination of e lec t ropo l i sh ing  and e lec t roe tch ing  methods 

ind ica ted  t h a t  f o r  maximum removal o f  mater ia l ,  t h e  s o l u t i o n  should be 

heated f o r  increased reac t i on  rate, ag i ta ted  i n  o rder  t o  a l l ow  maximum 

e l e c t r o l y t e  i n te rac t i on ,  and of moderate concentrat ion i n  o rde r  t o  a !  !mi 

reasonable reac t i on  s e l e c t i v i t y .  Thus, t he  opera t ing  parameters were 

es tab l i shed a t  an e l e c t r o l y t e  concentrat ion of 0.5 N sodium hydroxide, and 

80' C bath temperature w i t h  ag i ta t i on .  

two t o  f i v e  v o l t s  DC, and a 0.5 v o l t  AC r i p p l e  was imposed i n  o rder  t o  

enhance t h e  cor ros ion  a c t i o n  of t h e  e l e c t r o l y t e .  Examination o f  t he  but tons 

a f t e r  e lec t roe tch ing  showed t h a t  t h e  sigma phase was p r e f e r e n t i a l l y  removed 

w i th  riiii-iiEs! a t t z c k  sf the s o l i d  so lu t i on .  

Etching vo l tage was var ied  frm 

This  was p a r t i c u l a r l y  t r u e  a t  
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s. The t ime requ i red  t o  completely penetrate t h e  

but tons and produce a porous s t ruc tu re  was enormously reduced over t h a t  of 

chemical etching; seven m i l  i on izer  but tons were e lect roetched i n  twenty 

minutes as compared t o  f h i r t y  o r  more hours f o r t h e  n i t r i c  ac id  e tch  method. 
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I l l .  IONIZER FABRICATION AND TESTING 

A f u r t h e r  o b j e c t i v e  of t h i s  program involved t h e  prepara t ion  and 

f a b r i c a t i o n  o f  a porous e m i t t e r  but ton which could be evaluated through 

cesium i o n i z e r  tes t i ng .  Based on t h e  p re l im ina ry  phase removal processes 

discussed above, t h e  f i r s t  attempts a t  producing i o n i z e r  but tons were 

unsuccessful. 

a t o t a l  th ickness o f  .020 inches and resu l ted  i n  sec t ions  which were 

nonuniformly etched. Th is  nonuniformity resu l ted  from a s lab  which had 

a th ickness  t o o  grea t  f o r  t h e  phase removal process. 

a t tempt  t o  f a b r i c a t e  i on i ze r  buttons involved a l l o y  sect ions hav ng a t o t a l  

th ickness  o f  0.010 inches. A ser ies  of s i x  i o n i z e r  but tons were prepared 

i n  t h i s  manner f o r  p o t e n t i a l  use i n  an i on i ze r  t e s t  module. Dur ng t h e  

f a b r i c a t i o n  o f  i on i ze r  t e s t  modules, a rhodium braze i s  employed t o  produce 

t h e  seal between t h e  porous p lug  and t h e  i on i ze r  plenum chamber. I t  was 

observed from t h e  several braze attempts on these ion i ze r  but tons t h a t  t h e  

rhodium braze l i q u i d  completely i n f i l t r a t e d  both t h e  f r o n t  and rea r  sur face 

o f  t h e  i o n i z e r  plug. Therefore, t h e  remaining i o n i z e r  but tons were re ta ined 

fo r  e l e c t r o n  beam welding attempts t o  produce t h e  necessary h igh  temperature 

seal. Four such ion i ze r  modules were welded in-house, and a l l  r esu l ted  i n  

cracked o r  porous weld j o i n t s  unsui tab le f o r  f u r t h e r  i on i ze r  t e s t i n g .  

F igures 12 and 13 are photomicrographs o f  t y p i c a l  e l e c t r o n  beam welded 

assemblies p r i o r  t o  phase removal processing and reveal p o t e n t i a l  crack 

pa t te rns  as well  as some po ros i t y  i n  t h e  weld zone. I n  add i t ion ,  one 

ion i zer  rnodii I e assemb ! y was forwarded t o  NASA/Lewi s Research Center f o r  

e l e c t r o n  beam welding assembly. The ion i ze r  but ton appeared t o  be cracked 

fo l l ow ing  t h i s  welding assembly and, therefore,  no f u r t h e r  i on i ze r  t e s t i n g  

could be accomplished. 

The f i r s t  attempt invo lved t h e  use of a l l o y  s labs having 

Therefore, t h e  next  

During t h e  course o f  f u r t h e r  phase removal studies, it was found 

t h a t  e l e c t r o l y t i c  e tch ing  procedures could be employed t o  produce t h e  

des i red  porous metal s t ructures.  The use of e l e c t r o l y t i c  techniques a l l ow  

masking procedures which r e s u i i  iii p r e p z r s t i m  of porous s t ruc tu res  uniquely  
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F i g u r e  12. E l e c t r o n  Beam Weld Area Between Molybdenum and F u l l y  
Dense Tungsten-Rhenium Alloys. IOOX 

F i g u r e  13. E l e c t r o n  Beam k!e!d Area Between. Molybdenum and Fully 
Dense Tungsten-Rhenium Alloys. 200~ 
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d i f f e r e n t  from previous phase removal processing. Th is  procedure has resu l ted  

i n  t h e  preparat ion o f  an i o n i z e r  button having t h e  des i red p o r o s i t y  throughout 

t h e  c e n t r a l  sect ion of  t h e  ion izer  s lab bu t  composed o f  a f u l l y  dense a l l o y  

r i n g  around t h e  outer  diameter o f  t h e  ion izer  button. F igure 14 shows a 

photograph o f  a t y p i c a l  ion izer  button prepared i n  t h i s  manner. Through 

t h e  use o f  t h i s  method, several buttons have been prepared f o r  f a b r  c a t i o n  

i n t o  i o n i z e r  modules through t h e  conventional rhodium braz ing techn que. 

Three i o n i z e r  t e s t  modules were fabr ica ted  i n  t h i s  manner, and t h e  on izer  

data reported were obtained from one such module. 

Pre l iminary permeab i l i t y  and t r a n s m i s s i v i t y  t e s t s  of t h e  ion izer  

module revealed extremely low e m i t t e r  poros i ty .  Bubble t e s t s  ind icated 

in terconnect ing p o r o s i t y  o n l y  over s p e c i f i c  regions o f  t h e  but ton surface. 

Based on previous d i f f i c u l t i e s  i n  i n t e r p r e t i n g  bubble t e s t  resu l ts ,  it 

was concluded t o  proceed w i t h  the ion izer  t e s t .  The i o n i z e r  t e s t  r e s u l t s  

a l s o  revealed poor ly  interconnect ing p o r o s i t y  w i t h i n  t h e  ion izer  mater ia l .  

Ion cur ren t  d e n s i t i e s  o f  less than I ma/cm were achieved assuming t h e  f u l l  

area o f  t h e  i o n i z e r  face. Attempts t o  determine t h e  e l e c t r o n  work f u n c t i o n  

of a l l o y  ion izers  were compromised by t h e  presence o f  t h e  molybdenum plenum 

chamber s t ruc tu re .  The inves t iga t ion  of neutra l  f r a c t i o n  w i t h  temperature 

d i d  no t  produce acceptable neutra l  leve ls .  I t  would appear from these t e s t s  

2 

t h a t  t h e  a ! l o y  i o n i z e r  was porous over an extreme 

t o t a l  ion izer  area. 

The postmetal lographic analys is  o f  t h e  ion 

s i g n i f i c a n t  amount of  remaining sigma phase a l l o y  

y smal I p o r t i o n  o f  the  

zer module reveaied a 

throughout t h e  c e n t r a l  

p o r t i o n  o f  t h e  a l l o y  i o n i z e r  slab. Figure 15 shows t h e  cross sec t ion  of t h e  

t e s t  ion izer ,  and it i s  c l e a r  from these data t h a t  less than I per cent  

of t h e  t o t a l  e m i t t e r  area was c o n t r i b u t i n g  t o  cesium f low.  



Figure 14. Photograph of  an Electrolytical 
Tungsten-Rhenium Ionizer Button 
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Figure 13. Cioss-Section of the Ionizer T 
Used During Ionizer Evaluaiiori 

t Modu I e 
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I V .  SUMMARY AND CONCLUSIONS 

A se r ies  o f  laboratory i nves t i ga t i ons  i nvo l v ing  t h e  preparat ion of 

porous m a t e r i a l s  from two-phase tungsten-rhenium a l l o y s  has been completed. 

These s 

between 

f a  b r  i ca 

conta i n 

compou n 

udies have shown t h a t  tungsten-rhenium a l l o y s  having a composit ion 

37 and 38 w/o Re have mic ros t ruc tures  s u i t a b l e  f o r  processing and 

ion o f  porous ion izer  mater ia ls .  Alloys i n  t h i s  composit ion range 

and an intermetal  I i c  two d i s t i n c t  phases: tungsten s o l i d  s o l u t i o n  

P re l im ina ry  eva denoted as t h e  sigma phase. 

phase removal processes have demonstrated t h e  f e a s i b i  

t h e  sigma phase i n  t h e  presence of t h e  tungsten s o l i d  

Ion i ze r  buttons have been fabr icated and i o n i z e r  t e s t  

ua t i on  o f  several 

i t y  of t h e  removal o f  

s o l u t i o n  m a t r i x  phase. 

modules prepared for 
t h e  i o n i z e r  evaluat ion o f  t h i s  type o f  porous ma te r ia l .  From these studies, 

it would appear t h a t  t h e  two-phase a l l o y  i o n i z e r  concept i s  f e a s i b l e  for t h e  

preparat ion o f  porous m a t e r i a l s  s u i t a b l e  f o r  ion  engine a p p l i c a t i o n s  al though 

t h e  cu r ren t  program d i d  n o t  produce an i o n i z e r  of uni form po ros i t y .  



4429-6012-ROO00 
Page 21 

V .  RECOMMENDATIONS FOR FUTURE WORK 

Based upon t h e  r e s u l t s  o f  t he  present program, it would appear 

des i rab le  t o  proceed w i t h  add i t i ona l  s tud ies  o f  t h e  two-phase a l l o y  

i o n i z e r  concept. 

which should be pursued i n  d e t a i l  through a subsequent laboratory  program. 

Each o f  these f o u r  tasks  a r e  discussed i n  d e t a i l  below. 

A t  t h i s  time, there appears t o  be f o u r  major t ask  areas 

Task I - Minor A l l o y  Addi t ions t o  Tungsten-Rhenium A l l oys  

Based on c u r r e n t l y  ava i l ab le  data, it would appear t h a t  minor 

add i t i ons  o f  o ther  eiements such as i r i d i u m  t o  tungsten-rhenium a l l o y s  o f  

t h e  proper two-phase composition could p o t e n t i a l l y  p rov ide  added reac t i on  

res is tance o f  t h e  m a t r i x  phase. 

i r i d i u m  could increase t h e  e f f e c t i v e  phase removal depths by a s i g n i f i c a n t  

amount. Therefore, i t  i s  recommended t h a t  add i t i ona l  d e t a i l e d  s tud ies  

i nvo l v ing  te rna ry  tungsten-rhenium a l l o y s  be undertaken t o  p rov ide  t h e  added 

m a t r i x  chemical s t a b i l i t y .  These inves t i ga t i ons  would, again, invo lve  

d e t a i l e d  s tud ies  o f  t h e  mic ros t ruc ture  r e l a t i o n s h i p s  over  s p e c i f i c  composit ion 

ranges of se lected a l l oys .  

I t  i s  be l ieved t h a t  minor add i t i ons  of 

Task 2 - Phase Removal Process Studies 

The c u r r e n t  phase removal techniques, i nvo l v ing  both chemical and 

electrochemical techniques, have been p a r t i a l l y  successful i n  t h e  prepara t ion  

o f  porous i o n i z e r  mater ia ls .  However, i t  i s  be l ieved t h a t  t h e  present phase 

removai s i - d i e s  have Seer! f a r  frm comprehensive and t h a t  much improvement 

can be r e a l i z e d  through a ser ies  of labora tory  i nves t i ga t i ons  i nvo l v ing  t h e  

d e t a i l e d  mechanism o f  phase removal. A t  t h e  present t ime, it appears t h a t  

t h e  optimum phase removal process may invo lve  e l e c t r o l y t i c  techniques; however, 

o t h e r  reac t i on  processes such as gas phase reac t ions  should a l s o  be considered 

i n  any subsequent labora tory  inves t iga t ions .  

Task 3 - Fine St ruc ture  A l l o v  DevetoDment 

The present  program has dttwi is, f rated t h e  shility t o  prepare extremely 

f i n e  mic ros t ruc tures  through rap id  coo l i ng  from t h e  mel t .  I t  i s ,  there fore ,  



4429-6012-R0000 
Page 22 

recommended t h a t  f u r t h e r  i nves t i ga t i ons  be undertaken t o  prov ide r e l a t i v e l y  

la rge  cas t  sect ions conta in ing  the des i red f i n e  mic ros t ruc ture .  Such 

techniques as "splash" cas t i ng  of molten tungsten-rhenium a l l o y s  should be 

s tud ied  i n  an e f f o r t  t o  prepare t h i n  sec t ions  o f  c a s t  ma te r ia l s  conta in ing  

s u i t a b l e  microst ructures.  

Task 4 - Ion ize r  Evaluat ion 

The development of  any ion izer  mater ia l  must be based upon actual  

cesium ion i ze r  evaluat ion.  I t  is, therefore,  recomnended t h a t  add i t i ona l  

e m i t t e r  modules be prepared as p a r t  o f  t h i s  program f o r  i on i ze r  evaluat ion.  

Ion e m i t t e r  diameters ranging from 0.156 inches t o  t h e  order  of  0.5 inches 

should be considered t o  ob ta in  the  most des i rab le  module arrangement f o r  

t h e  i on i ze r  evaluat ions.  
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